Nitrate reductase of Neurospora crassa: the functional role of individual amino acids in the heme domain as examined by site-directed mutagenesis.
The enzyme nitrate reductase, which catalyzes the reduction of nitrate to nitrite, is a multi-redox center homodimeric protein. Each polypeptide subunit is approximately 100 kDa in size and contains three separate domains, one each for a flavin, a heme-iron, and a molybdopterin cofactor. The heme-iron domain of nitrate reductase has homology with the simple redox protein, cytochrome b5, whose crystal structure was used to predict a three-dimensional structure for the heme domain. Two histidine residues have been identified that appear to coordinate the iron of the heme moiety, while other residues may be important in the folding or the function of the heme pocket. Site-directed mutagenesis was employed to obtain mutants that encode nitrate reductase derivatives with eight different single amino acid substitutions within the heme domain, including the two central histidine residues. Replacement of one of these histidines by alanine resulted in a completely nonfunctional enzyme whereas replacement of the other histidine resulted in a stable and functional enzyme with a lower affinity for heme. Certain amino acid substitutions appeared to cause a rapid turnover of the heme domain, whereas other substitutions were tolerated and yielded a stable and fully active enzyme. Three different single amino acid replacements within the heme domain led to a dramatic change in regulation of nitrate reductase synthesis, with significant expression of the enzyme even in the absence of nitrate induction.